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A computer-controlled sputtering system has b~en designed 
and set up for the deposi tion of high Tc superconducting thin 
films . • This system is ' versatile wi th a number of features which 
- . 
provides much flexibility ln our research work. Emission 
spectroscopy is used in studying the presputtering effect. The 
behavior of presputtering of fresh tetragonal and orthorhombic 
YBCO targ~ts are examined. The possibility of spectral line 
intensities from the emission spectrum of the sputtered materials 
as a monitor of the deposition rate is explored. Resputtering 
effect is studied with reference to other researchers' 
After considering the presputtering and resputtering effect, w'e 
decided to deposi t the YDeO thin films uSlng extensi vel y 
o 
presputtered target in a · 90 off-axis configuration. High Te YBCO 
thin films are deposited on MgO (100) epitaxially. The TeO and 
Tonset are 77K and 87K respectively. Finally the effect of 
nitrogen gas in the sputtering of YBCO target is also studied. The 




, Table of Content 
1. Introduction 
2. Computer-controlled sputtering system for deposition 
of hig~Tc thin films 
2.1 Introduction 
2.2 Vacuum system 
2.3 Gas flow control 
2.3~1 Design 
2.3.2 Flow control 
2.4 Gas pressure control 
2.4.1 Gauges ., 
2.4.2 Control method 
2.5 sputtering. guns and deposition control 
2.5.1 Types 
2.5.2 Orientation of the sputter gun 
2.5.3 Dual magnetron gun system 
2.5.4 Deposition control system 
2.6 Substrate holder and temperature control 
2.6.1 Substrate holder 
2.6.2 Substrate temperature control 
2.7 Interlock protection 
2.8 Control program 
3. The presputtering effect 
3.1 Presputtering effect (a review) 
3.·2 Emission · spectroscopy on sputte.red materials 
3.3 Expei~mental 
. ' . ' , " 


























3.4 Emission spectra 
3.4.1 Effect of sputter power source 
~.4.2 Effect of gas ratio 
3.4.3 Effect of gas pressure 
3.4.4 Study of presputtering effect 
3.4.5 Monitoring the evaporation rate by the spectral 
- line intensities 
4. Conclusion and discussion 
Appendix 'A. Motor coptrol 











I wish to express my sincere gratitude to Dr. H.K. Wong, 
my supervis~r, for his kindly supervi~ion throughout the project. 
I am specially indebted to Mr. S.H. Ling, W.T. Kwan and Y.S. Tang 
for_ their technical assistance in emission spectroscopy and film 
preparation. The interest of graduate students and the technical 





The discovery of the high Tc superconducti vi ty in 
La-Ba-Cu-Ocompounds by Bednorz 
.» 
and ( 1 ) Muller , initiated 
feverish searches · for other materials of similar properties or 
higher Te. In a short time, Wu et al. found a new oxide Y-Ba-Cu-O 
with Te 12 K above 77 K, the boiling point of liquid nitrogen. 
This discovery greatly encourages the re~earch activities on high 
Tc superconductivity as liquid nitrogen is much cheaper than 
liquid helium, the cooling medium for conventional 
superconductors. The superconducting material was then identified 
as YBa Cu 0 , now called Y123 or YBCO for short. Its structure 
2 3 7-x . 
is given in Fig: 1.1. Since then, many properties had been 
measured using polycrysta11ine samples but some of these results 
were confusing. In order to study the structural effect on the 
superconducting properties, single cry~tal is needed. Some people 
successfully grew single crystals of YBCO and measured their 
electrical conductivity along different basis vectors of the 
lattice as a function qf temperature. A typical result is ' 
reproduced in Fig. 1.2 which · indicates that YBCO has a strong 
anisotropy on electrical conductivity. The conductivity along the 
c-axis behaves like a ' semiconductor als'o wi th value lower than 
that along the a- or b-axis. Howe~er, no efficient and reliable 
method for the 'YBCO single crystal growth is provided up to now. 











Fig.l.l Structure of YBa eu 0 (2) 
. 2 3 7-x 
Lattice parameters .: a = 3.83! · 
b =3.89A 
c = 11~71K 
2 
films on substrate that has structure and lattice parameter 
similar to the YBCO crystal. It is one of the reasons that many 
experiments have been carried out wi th an aim to deposi t YBCO 
fil!fls epi taxially . In addi tion, epi taxial thin films of exotic 
orientations are · very useful in the study of anisotropy in 
properties. ' A typical example is that one can grow a 
(lIO)-oriented film (i.e. the c-axis lies on the film plane) with 
sample thickness alon~ the c-axis much larger than that along a-
or b- axis. On the contra~y, single crystals of YBCO always grow 
I 
in plate-like shape with thickness along c-axis muc~ smaller than 
along a- and b- axes. There ai~ many well known methods for the 
deposition. For a review, see ref. (2). Examples are (l)dc or rf 
magnetron sputtering, (2) pulsed laser deposition, (3) thermal 
evaporation, (4) chemical vapour deposition among which magnetron 
sputtering and pulsed laser deposition techniques are most 
popular. The advantage and disadvantage of these two methods are 
listed in Table 1.1. In this thesis, we will report our experience 
on magnetron sputtering techniques for the fabrication of -YBCO _ 
thin films emphasizing the ~resputtering effects . . 
3 
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Fig .1.2 Resistances of three YBCO crystals (B, C and G) as a 
function of temperature, R1 and R2 along a- and ~- axes 
respectively. 
(3 ) 


















Table 1.1. Comparison of the methods for deposi tion' ,of YBCO 
films. 
Magnetron sputtering Pulsed Laser deposition 
Low target utilization High target utilization 
(only a small fraction of (smaller target is enough 
the ' target is used.) for the deposition.) 
Lower deposition rate Higher deposition rate 
Lower equipment cost More expensive equipment 
Better morphology of film Sub-micron particulates on 
surface film surface 
Uniform thickness over Non-uniform thickness over 
large area large area 
5 
In chapter 2, we describe a computer-controlled sputtering system 
which has been set up for this project. The system was designed 
with the following features! 
1. two deposition chambers for independent experiments; 
2. high pumping speed of moisture using a liquid nitrogen trap 
connected to the deposi tion chamber i 
o 3. on-axis · or 90 off-axis deposition configurations; 
4. DC/RF sputter guns; 
5. high temperature heater for film growth and annealing; 
6. high pressure growth; 
7. variable substrate-to-target distance; 
8. choice of three sputtering gases; 
9. spectroscopic di~gnosis of the sputter plasma; 
~o. interlock prot'ection. 
/- ' 
6 
The deposition process for YBCO is actually . quite 
complicated. Fig. 1.3 illustrates the problems. 
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Fig. l..3An illustration of deposition of YBCO thin films 
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The deposition process starts with sputtering a YBCO 
target. In sputtering a newly prepared YBCO target, the 
composi tion ' of the materials sputtered away is varying until a 
stable condition on the target surface is reached. This effect is 
known as the presputtering effect which is the subject of chapter 
3. We use emission spectroscopy for the first time to study the 
presputtering behavior. During the sputtering process, the high 
energy electrons ' and ~ ions excite the s~uttered materials. By 
measuring the emission spectra, we can identify the species ( 
ions, atoms or molecules) in the sputter plasma. Only when the 
~ 
spectrum becomes stable, reproducible film deposition can be made. 
The sputtered materials may not stick well onto the 
substrate surface. Even though a film is formed, its composition 
may not be identical .to that of the target. The cause of this 
nonstoichiometry is the re~puttering effect. When sputtering ' an 
oxide target ( oxygen 'ions are generated. These ions are 
accelerated in the direction a'vay from the target and become · 
neutralized after 'passing tnrough the sputter plasma. As a result 
the as-deposited film is bombarded constantly by these energetic 
oxygen neutrals. Because of the preferential sputtering of the 
, . ., 
deposited film by these oxyg~n neutrals, non-stoichiometric film 
is usually obtained. The resputtering effect can be reduced by 
using an off-axis deposition configuration as shown in Fig. 1.3 or 
, by increasing the sputtering pressure . . Even though the target is 
pre'sputtered and 'the resputtering effect is reduced wi th a 90 0 
8 
off-axis deposition configuration. One still needs to adjust the 
following process parameters in order to deposi t a high quality 
YBCO film: (1) substrate, .. (2) substrate temperature, (3) Ar/0
2 
. sprittering gas ratio, (4) gas pressure, and (5) target-substrate 
J distance. Some YBCO films have been deposited using this special 
setup and the restilts are also given in Appendix B. 
9 
Chapter 2 
Computer-controlled 'sputtering system 
for deposition of high Tc thin films 
2-1. Introduction 
The main objective of this project is to establish a 
reliable and versatile ~ sputt~ring system for deposition of high Tc 
thin films. The block diagram of the system is . shown in Fig. 2.1. 
It consists of a vacuum chamber evacuated by ' a diffusion pump 
system. Gases are admitted to the chamber with precise flow 
control. The chamber pressure is adjusted by manipulating the high 
vacuum valve. The' sputter gun and the substrate holder can be 
mounted with different configurations. ' 
The film deposition process is monitored and controlled 
by a PC/XT micro-computer. The deposition parameters that we are 
able to control are gas type I gas flow I gas pressure I sputter 
power (and thus deposition rate) and substrate temperature. Such 
fully automatic process control provides a reliable environment ' 
throughout the deposition and thus facilitates the search of 
optimal condition for the growth of high Tc thin films. 
In the following sections, w~ will describe the design of 
the experimental setup in detail. 
- ' 
10 











































































































































































































































































2-2. Vacuum SYstem 
The schematic diagram of the vacuum system is shown in 
Fig. 2.2 wi th detailed ' specifications given in Table 2.1. Two 
stainle'ss steel 6-way crosses (Cl, C2) are used as deposition 
chambers. These chambers are connected to the pumping system by 
means of a stainless steel 4-way cross (C3). With two butterfly 
valves used as isolating valves, this configuration , enables two 
working places for sputter deposition with one pumping system so 
as to increase the resources utilization if a proper schedule is 
made. To ensure a highpuri ty environment, sputter deposition 
usually takes place in either Cl or C2. When Cl is in' use, the 
isolating valve VI ' IS fully open and V2 is closed. At this time 
we can break vacuum in C2 if we need to replace substrate or 
target. It is of importanc~ to note that the de~osition chambers 
~\ are pumped through the side port so as to avoid any debris from 
getting into the pump during roughing or venting. (4) 
A liquid ni trogen ' cold trap is mounted inside the 4-way 
" 
cross. Its bottom surface lies just above the Pel tier cooler 
(Fig. 2.2) . The chamber can be pumped down to 10-6 Torr within 4 
hours with the presence of liquid ni trogenin the cold ' trap. 
-4 Liquid nitrogen is poured into the trap when a pressure of 10 
Torr is obtained. tn between 'the Peltier cooler and the diffusion 
pump is a high vacuum valve (V3) which can be manipulated in 
either manual 6r motor-driven mode. Since the chamber pressure (2 
- 200 'mTorr) is quite high during sputtering, this high vacuum 
, 
valve (V3) mu~t b~ put in an almost close position in order to 
12 
- .. 
reduce the p'umping speed (or the pump is overloaded) . 
Nevertheless, moisture in the deposi tion chamber can still be 
greatly reduced because the cold trap is mounted above the valve 
and used as a Meissner trap. Hence a cleaner environment is 





















































































































































































Table 2.1 Snecifications of the vacuum system 
Component -Make/model Specification 
1. Chamber Cl, C2 Hungtington(USA) 6" ConFlat flanges 
(VF-6400) 4" tube diameter 
2. - Chamber C3 Varian (USA) same as above 
3. Cold trap Home-made 
4. Valves ' Vl, V2 Home-made butterfly valve 
(equivalent to 
Huntington BF-400) 
5. Valve V3 Edwards (UK) butterfly valve 
6. Diffusion pump Edwards 
(Diffstak 100-300M) pumping speed 
= 280 lis 
7. Foreline pump ' Edwards (E2M5) pumping speed 
= 93 l/min 
8. Roughing pump Stocka (PR China) pumping speed 
= 4 lis 
9. Baratron gauge MKS (USA) range 
(220CA-000012C2B) = 10- 5 - 1 Torr 
., 
10. Penning gauge , Edwards (CP25K) range 
~ 10- 7- 10-3 ' Torr 
11. Pirani gauge Edwards (PRIOK) range 
= 10- 2- 760 Torr 
15 
2.3 Gas flow control 
2.3.1 Design 
Various sputtering gases (Ar, 02 and N
2
) can be admitted to 
the deposition chamber (F~g. 2.2) through a system consisting of 
controllers and valves. The design is shown in Fig. 2. 3 with 
specifications given in Table 2.2. Ar is the major sputtering gas. 
° 2 and N 2 are used only for reactive sputtering. Each gas is 
supplied from a gas cylinder through a_ l/4"~ polyethylene tube to 
the mass flow controller (MFC). The by-pass valves are used for 
pumping-purging of the polyethylene tubes and the gas cylinder 
regulators. Each gas flow can be shut off completely by means of 
the MFC internal valve and the ~neumatic valve (NV). In addition, 
dry nitrogen gas is also used (without passing through a MFC) when 
venting the vacuum chamber in order to reduce the absorption of 
moisture on the inner wall surface. 
In sputtering YBCO, oxygen is also introduced to the chamber 
as pure argon is not suificient to-- give the appropriate phase . in 
the deposition of YBCO. ; We used an oxygen flow rate of about 0 
- 10 sccm, and argon flow rate about 0 - 20 sccm. The actual flow 
rates depended on the gas ratio, but the total gas flow was always 




N1. MFC Cylinder 
O~ . F M F C Cylinder 
~ Cyhnder F M F C 
MFC = mass flow controller; 
F = filter; 
NV , = pneumatic valve; 
V = ,by-pass valve; 
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2.3.2 Flow control 
The gas control system is computerized (see Fig. 2.4). The 
MFC has an Input (0 - 5V full scale) for setting the required gas 
flow and an output (0 - 5V full scale) for monitoring the actual 
flow. Each ~ MFC can be calibrated for a specified gas and 
calibration factors are - available for conversion when using 
different gases. 
The set-point input of the MFC is connected to the 
digital-to-analog channel oof the AD/DA card in the PC/XT computer 
while the output voltage from 0 the MFC is fed into 0 an 
analog-to-digital channel of the AD/DA card. In this 
configuration, we can input the~ set-points and display the actual 
flow values on the PC/XT interactively using our sputtering 
control program (to be discussed in 2.8). 
18 
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Table ' 2.2 Specification of the gas control system 
Component Make/model Specification 
1. Ar Hong Kong Oxygen Co. purity> 99.999 % 
2. N2 " " purity> 99.999 % 
3. 
°2 " " purity> 99.6 % 
4. Regulators Alphagaz (France) high purity 
(HBS315/3 ) regulators 
.. , 
-, Saffire 230 series 3 
5. MFC Unit (USA) Flow range . . 
(UFC 2000) ·~ Ar . o - 50 scem 
N2 . o - 20 seem 
°2 o - 50 seem 
6. Valves V Nupro (USA) Manual valve 
NV Nupro Pneumatic valve 
IV Nupro -Manu-al valve -
-' 
20 
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2.4 Gas Pressure Control 
2.4.1 Gauges 
During the pumping down stage « 10 - 4 Torr) I the chamber 
pressure is measured by means of a Penning gauge. During 
sputtering a Baratron gauge is used. The pressure is recorded with 
a computer-interfaced digital voltmeter. The chamber pressure is 
maintained at 0.2 - 1 Torr for high pressure sputtering and 5 -
10 mTorr for low pressure sputtering. The Penning gauge should be 
switched off when the chamber pressure exceeds its operating range 
otherwi~e the gauge may be ' damaged. 
2.4.2 Control method 
During sputtering the high vacuum valve at the entrance of 
the diffusion pump is only slightly open in order to reduce the 
pumping speed. The chamber pressure can be kept at a steady value 
with appropriate corrective action to the valve (either opening or 
closing). 
The block diagram 6f ' the pressure control system is given 
in Fig. 2.5. The PC/XT can automatically control the chamber 
pressure , by first reading the pressure value measured by the 
Baratron, calculating the difference between the measured and 
set-point values and then determining the output signals based on 
sui table- PID time constants. These , output signals will drive the 
,') 
step motor to close or open the high vacuum valve in such a way to 
achieve the desired chamber pressure. With a (100 1) gear box, 
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Table 2.3 Specifications of the pressure control system 
Component 
1.Penning gauge 






3.Digital voltmeter Thurlby (UK) 
(1905A) 
4.Butterfly valve Edwards 
5.Step motor RS 344-631 (UK) 
6.Gear box 
7.Motor drive RS 332-098 (UK) 
board 




-7 -3 Range 10 - la . Torr 
-5 Range la - 1 Torr 
with RS232 interface 
o 1.8 per step 
1 · 100 
For driving the step 
motor RS 344-631 
Programmable I/O 
chip Intel 8255 and 
timer chip Intel 
8253 
2.5 sputtering guns and deposition control 
2.5.1 Types 
Three types of planat magnetronguns are · available for our 
sputtering system (Fig. 2.6). They are chosen for different 
purposes: (1) low-profile US'gun for low pressure sputtering (2 -
200 mTorr), (2) high pressure sputter gun (7 mTorr to 2 Torr) (5) 
(3) a movable sputter gun for adjusting target-substrate distance. 
Normally high pressure sputtering gi yes a low deposi tion 
rate which is not pre'ferr~d in large scale production. But for 
sputtering of YBCO, high sputtering pressure (~ 1 Torr) may 
lessen the resputtering effect~ and give a stoichiometric film. 
Therefore a sputtering guri for high pressure range is sometimes 
desirable .-
These guns can be operated in either dc or rf mode. In dc 
sputtering for YBCO deposition, the power used was about 0.3 A at 
-lOOV. In rf sputtering the forward power used was about l50W with 
dc bias of -120V. The rf ' power supply is equipped with .an 
auto-tuned i~pedance matching network to give maximum power 
-
transfer (i.e. with minimum reflected power). Care must be 
exercised in using , ,rf power as the electromagnetic interference 
due to any ground loops can affect all electronic components 
nearby and disable their functions. Proper grounding of the 
r) 
sputter gun is a necessity. 
- ' 
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Fig.2~6 Schematic diagram of the sputter guns 
(a) ~ow profile US'Gun 
(h) - high pressure gun 
S, N are poles of permanent magnets. 
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2.5.2 Orientation of the sputter gun 
- There are four flanges available in each deposition chamber 
-", 
for _ mounting the sputter guns and the substrate holder. The 
sputter gun -' can be mounted ei ther horizontally or vertically. 
Horizontal mounting on the bottom flange of the chamber enables 
easy target mounting but contamination may occur if the deposit 
or oxide residues strip off from the substrate holder or the 
chamber wall. Vertical~ mouhtingeliminates the problem of target 
contamination by falling residues'. In this case the target must be 
clamped down rigidly. 
2.5.3 Dual magnetron gun system 
Our sputtering system is capable for fabrication of 
multi-layered films if two magnetron guns are mounted on to the 
deposi tion chamber. \vi th such configuration, the composi tion in 
t~e film can be adjusted by applying different sputtering power_ to 
the individual targets. For example, in the sputter deposition -of 
YBCO film, barium is always deficient in the films due to 
re-sputtering effect. Therefore, we can use two sputter guns for 
the deposition, one ' with a YBCO target and one with a BaO target. 
The research on sputtering using two magnetron guns is not a 
subject of this thesis. 
:/ 
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2.5.4 Deposition /Control 
For monitoring and controlling the deposition rates, quartz 
thickness sensor may be mounted inside the chamber at an 
appropriate position to m~asure an approximate deposition rate or 
film thickness on the sensor. The quartz sensor may also be used 
to measure the angular variation of deposition rate as the sensor 
o 0 0 
surface can be mounted at 30 , 60 and 90 to the target surface. 
To calibrate the sensor for actual thickness measurement, the 
density and acoustic impedance of the thin film material should be 
known beforehand. The YBCO film deposited on the sensor crystal is 
usually amorphous and its density and acoustic impedance are hard 
to determine. The quartz sensor only gives a very rough estimate 
of the thickness for the sputter deposition. 
In the sputtering of YBCO target, the deposition rate is very 
slow « 0.5 /s). Therefore, it is easier to maintain constant 
power for the sputter gun. i. e. constant forward power for rf 
sputtering and constant current for de sputtering. T~e deposition 
rate and the DC or RF power are monitored by the PC/XT through the 
analog-to-digital channels of the AD/DA card (See Fig. 2.7). 
27 
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Fig.2.7 Block diagram of deposition control system 
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Table 2.4 Specification of the deposition control system 
Component Make/model 
1. DC power supply Home-made 
(equivalent to 
Sputter Film (USA) 
PS-600-4 D-C) 
2. RF power supply Advanced Energy 
and -' impedance Industries (USA) 
matching network (RFX600 & ATX600) 
3. Deposition Tnficon " (USA) 
controller & XTC 
quartz thickness 
sensor 




o - 1 kV 
0- 3 A 
o - 600 W 
fast auto-tuning 
2" diameter target 
-- Pressure range . 
2 - 50 mTorr. 
1000 W DC max. 
500 W RF (13.56 MHz) 
max. 
2.6 Substrate Holder and Temperature Control 
2.6.1 Substrate holder 
The substrate is mounted on a stainless steel block with a 
Kanthal wire heater. Alumina tubes are used for electrical 
insulation. The block can be heated up to 800°C with a ;current 
of 7A passing through the heater wire. Kanthal is selected as the 
heating ele_ment because it can be used for a high temperature 
heating« 1000oC) in presence of oxygen. Fresh Kanthal wire 
should be oxidized by ~eating • 0 in aIr at 900 C for a few hours 
before used as a heater. 
Silver paste is used to attach the substrate . to , the surface 
of the heater block for better thermal contact. The substrate 
temperature is measured ~ith the use of an Alumel-Chromel 
thermocouple clamped near the substrate surface. The temperature 
is then read and thus controlled by a digital temperature 
controller. The settings of the PID time constants can be 
auto-tuned by the controller itself. 
2.6.3 Position of substrate 
In sputtering conventional materials, substrate normally 
lies parallel to the target surface for a uniform deposition. 
However, the deposition of oxide films usually employs an off-axis 
configuration with the substrate facing at different inclination 
to the target surface in order to r~duce resputtering effects. Our 
o 
sputtering system can ·be used for both on-axis and 90 off-axis 
sputtering configurations . 
- 30 
2.6.2 Substrate ·temperature control 
The block diagram of the substrate temperature control is 
given -in Fig. 2.8. The temperature detected by the thermocouple 
is read by the digital temperature 
difference between the measured 
controller. Based on the 
and set-point values, 
thecontroller calculates a corrective output voltage which adjusts 
the heater _ power. The output vol tage of the power regulator is 
. reduced by a step-down transformer because the heater has a low 
resistance. In addition td maintaining a constant temperature for 
the deposition, a programmable temperature profile is usually 
needed for slow heating and cooling of the substrate and the 
deposited film. Data transmission between the temperature 
controller and the microcomputer is via RS232C interface port. 
\~i th the programmability.' of temperature profile and gas flow, 
post-annealing of the deposited film can be easily carried out. 
C) 
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-Power ~ Varlac Heater 
regulator 




Fig.2.8 Block diagram of the substrate temperature 
. control system 
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Table 2.5 Specifications of the substrate 
temperature control system 
Component Make/model Specification 
1. Temperature Chino (Japan) Programmable through 
controller DB series RS 232C interface 
2. Power regulator Shimaden (Japan) Thyristor power supply 
~ 
DAC 25 series 
3. Thermocouple Omega (USA) Type K (Alumel-Chromel) 
33 
2.7 Interlock protection 
--
Several circuits are built to protect the sputtering system 
because we need several hours to -deposi t a YBCO film with the 
system runni~g automatically and unattended. The sputter gun and 
the diffusion pump . require sufficient cooling water for proper 
operation. If there is no sufficient water flowing through the 
diffusion pump for a preset period, it will turn off the pump 
heater and ·at the same time turn on a fan to cool down the heater. 
Similar circui t is buil t for the sputter gun. If there is no 
sufficient water flowing th~ough the sputter gun, it will turn off 
the gun power supply. The cooling water is supplied by a home-made 
chiller which is made by modifying a commercial dehumidifier. 
Another interlock is for the pressure control system 
where the high vacuum valve ( a butterfly valve ) is dri ven by a 
computer-controlled step motor. Because the valve can only be 
turned wi thin an angular · range I an opto-interrupter is used to 
limit the angl~ of rotation of the motor shaft. The motor power 
will be cut off if the rotation of valve exceeds the limits. 
34 
. I 
2.8 Control program 
The control program reads the parameter settings from the 
user, achieves the sputtering condi tions accordingly via the 
peripheral instruments, moni tors - the instrument output, and 
displays the status of the sputtering system. The program can be 
di vided into four sections: (1) , User message passing, (2) 
peripheral I/O programming, (3) response action estimation and (4) 
status display. 
User message consists iof expected chamber pressure, gas flow 
. i· 
rates, substrate temperature, power mode I post deposi tion heat 
\ 
treatment, PID time constants for pressure control, high vacuum 
valve movement in manual mode and filename of the monitoring file. 
The input of these data are made via a user friendly menu on the 
console. A diagram of the input menu is given in Fig. 2.9. 
Peripheral I/O' programming includes the programming of digi tal 
.\ 
I/O, AD/DA cards and RS 232 , interface. As described In the 
previous section, the digital I/O is for themotoT control. The 
analog-to-digi tal channels' are used for acquisi tion of the output ' 
values of the measuring instruments. The digital-to-analog 
channels are used for setting MFC's set-points. The RS 232 
interfaces are for ' ~ommunic~tion with the temperature controller 
and pressure value acquired wi th the Baratron. The corrective 
action is calculated by the formula , 
~ = D de + I J e dt + Pe , 
dt 
where ~' = corrective action 
e error function 
) " 
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P = proportional time ' constant 
I = integral time constant 
D = derivative time constant 
The corrective action is then used - to control the motor through 
the digital I/O. The status of the sputtering system is displayed 




o. Exit program; 
1. Mode; 
2. Angular speed; 
3. Set pressure & flow; 
4. Post-dep. treatment; 
5. Initial position; 
6. PID; 
7. File; 
8. Power mode; 
9. Set subs. temp.; 
10 Finish selection; 
Select 0 - 10 ? 
Fig. 2.9 Parameter setup menu for the sputtering system 
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~-------- Auto mode Parameter settings 
Pressure = 50.2 mTorr Ang. speed = 9.0 deg/s 
Argon Flow = 25.3 seem Prop . . gain = 0.03 
Oxygen Flow = 24 .. 8 seem Integ. time = 100 s 
Nitrogen Flow = 0 seem Deriv. time = 5.0 s 
o Substrate temperature = 650 C Set Ar flow = 25.0 seem 
Current = 0.3 A Set 0 
2 
flow = 25.0 ·seem 
Voltage = -100 V .. . ~ ,; . Set N2 flow = 0.0 seem 
Thickness = 100 Set pressure = 50.0 mTorr 
Valve is being opened In O.O~ deg. 
Ese to stop, Rtn to view graph 
Fig. 2.10 Monitor display for the sputtering system. 
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Chapter 3 
The presputtering effect 
3.1 Presputtering effect (a review) 
Reproducibility in film stoichiometry has been a major 
problem in the fabrication of YBCO thin films by sputter 
deposition using a single stoichiometric target. The sputtering of 
a fresh YBCO target is not stable. Klein & Yen (6) reported that 
their target was (rf) sputtered (in 95% Ar/ 5% 0 ) for more than 5 
- 2 
h before deposition of the first film. During this time the plasma 
col or shifted from white to pink. If the sputtered target was 
removed from the system, a presputtering time interval of 1 h was 
required to restore the steady state plasma color. Such 
presputtering effect has been studied in detail by Selinder et al. 
(7),(8) They used a dc magnetron sputter gun with a 
stoichiometric YBCO target. 
Their experimental conditions are given below: 
Target : YBa Cu 0 and YBCO annealed in argon 
2 3 7-x 
Power : 750 mA at (90 150 V) dc · 
Pressure: 3.0 Pa 
Gas: Pure argon (purity of 99.9997%) 
Substrate : (100) , MgO single crystals. 
Substrate temperature : ambient 
Sputtering time: 60 hr. 
Films were grown under a high argon pressure to avoid 
resp~ttering effect from energetic oxygen neutrals and the 
temperature of the substrateswas held low to obtain a sticking 
'. 
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coefficient clos~ to unity for all atoms. A strong dependence of 
the metallic composition and the deposition rate of the films on 
target presputtering ~ime is observed. Fig. 3.1 reproduces their 
results. The film composition is initially strongly 
off-stoichiometric , wi th Ba being deficient, and eu and Y in 
excess. However, after 20 -30 h of sputtering, stable conditions 
are achieved and the film composition is practically identical to 
the target composition. The films are ~ still stoichiometric after 
60 h of sputtering. 
The composi tion of the target surface will also influence 
the total deposi tion rate. This is particularly noticeable for 
variations in the oxygen content on the target surface since 
oxides normally have a very low sputtering yield. Fig. 3.2 shows 
the measured deposition rate and target potential as a function of 
total target sputtering time. The fact that target voltage varies 
with target surface status with a constant current power supply is 
due to higher electron and . negative ion yields from an oxide 
"-
surface compared to those from a more metallic-like surface. A 
larger amount of negative charge carriers -in the plasma will 
consequently reduce the current carried by Ar+. It can be seen in 
Fig. 3.1 that steady-state conditions for a normally processed 
target is reached only after about 25 h' of sputtering, in 
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Accumulated' Sputtering Time, (h) 
Fig.3.l Composition of as-deposited films as a function of total 
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Fig. 3.2 (a) Deposi tion rate and (b) ta-rget potential as - a function 
. (7) 
of sputtering time of a fresh target. . 
, I 
This group also studied the influence of oxygen on the _ 
-
sputter depo'si tion of a fresh YBCO target and an extensively 
presputtered target. They used pure- argon as sputtering gas as 
higher deposi tion rate could be achieved. Even pure argon was 
used, sufficient amount of oxygen is released from the newly 
fabricated target during sputtering as shown in Fig. 3.3. However, 
this oxygen source is somewhat uncontrollable. The oxygen partial 
pressure varies more than ;two orders of magnitude during the 
presputtering. After reaching a peak value, within the first few 
minutes, the oxygen partial pressure decreases and stabilizes at a 
low level after more than 10 hours for low density targets. High 
density targets behave fundamentally in the same manner, with only 
more pronounced pepk value and lower final pressure. The target 
voltage changes concurrently with the varying oxygen partial 
pressure as shown in Fig. - 3.3. The final target vol tage varies 
between the individual targets and target types. If subjected to a 
constant sputtering current 750 mA, high-density targets reach 160 
- 180 V, while low-density targets stabilize at 130 - 145 V. 
The presputtering behavior is very much dependent on the 
sputtering current. In Fig. 3.4, the target voltage vs. time is 
shown for three different sputtering currents. The current levels 
350 and 500 mA are not sufficient to yield stable target voltage 
or de~osit with the . correct compositiori within the studied time 
ranges. - A sputt~ring current of 750 mA is sufficient in order to 
stabilize the target voltage and produce stoichiometric films . 
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Fig. 3.3 The partial pressure of oxygen and the target potential 
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Fig. 3.4 The target voltage , during the ' ini tial sputtering for 
three different ,target curre,nts. 1\ stable target voltage and 






reproducibly after approximately 30 hours of sputtering. This 
implies that a sufficient degassing of the target is obtained. 
For presputtered targets a voltage instability is 
manifested in the form of oscillations with a period of about 2 h. 
This oscillations can be initiated or enhanced by sm~ll changes in 
the sputtering geometryr for example, . the opening of shutter as is 
shown in Fig. 3.5. Associated with the voltage oscillations is a 
fluctuating oxygen partial pressure. the two oscillations have the 
s~me period but out of ,phase. The oscillations in both the target 
potential and the oxygen partial pressure can be . damped 
significantly by a controlled introduction of a small oxygen flow, 
thereby making the variations in oxygen partial pressure small 
compared to the total partial pressure of oxygen. Based on the 
above resul ts, we can conclude that during sputtering a 
significant amount of oxygen was released from the target. · The 
fluctuations in target vol tage and oxygen partial pressure were 
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Fig.3.5 The target vol tage and the oxygen partial pressure as 
functions of time for a presputtered high-densi ty target after 
exposure to atmosphere. The oscillations observed in this case are 
ini tialized by the vol tage rise induced by the opening of the 








3.2 Emission spectroscopy on sputtered materials 
Based on the above discussions I we notice that the target 
presputtering can be monitored by (1) measuring the oxygen partial 
pressure I (2) measuring the target voltage and (3) observing a 
plasma colorchange. We used emission spectroscopy to study the 
sputter plasma with an intention to study the origin of the 
presputtering effect. During the sputtering process, the sputtered 
materials are exci ted by high energy " electrons and ions. It is 
reasonable to believe that some knowledge on the sputtered 
materials could be obtainea from ·the emission spectral lines. This 
information may be useful in understanding the deposition of YBCO 
films. The emission spectra (with wavelength range of 400 nrn - 600 
nrn) for sputtering under different conditions were obtained and it 
is found that the sputt~ring conditions greatly affect the 
emission spectra. In addition, we also explore the possibility of 
using the spectral line intensity as a monitor of the deposition 




3.3.1. Target preparation: 
Two types of targets were used in the sputtering 
exp~riments: 
(1) oxygen-an~ealed YBCO target which has an orthorhombic crystal 
structure., 
o (2) YBCO target quenched to ambient temperature from 930 C in 
nitrogen environment, which has a tetragonal crystal structure. 
These targets were pre,pared in our laboratory by conventional 
solid state reaction technique. Starting materials were Y20 3 , 
BaC0
3 
and CuO. A computer-:-controlled electric oven was used for 
calcination and sintering. 
3.3.2 Optical spec.trometer 
The sputtering system described in chapter 2 was used for 
this experiment. The light emitted from the plasma of the sputter 
gun was brought to an optical spectrome-ter by a prism and lens , 
system as shown in Fig. 3.6. " The specifications of the setup is 
given in Table 3.1. The light intensity was detected by a 
photo-multiplier tube whose output was fed into the computer via a 
digital voltmeter. The wavelength was scanned from 400 nm to 580 
nrn as this is the operating region for our photo-multiplier tube. 
The relation between the wavelength and the scanning time can be 
expressed as a straight line : 
L = at + b 
where L = wavelength (nrn) 
t = time (5) 
" 49 
· ' -1 a = scannIng speed (nm's ) 
b = constant determined by initial condition. 
In addition, light from a mercury lamp was intentionally 
leaked into the spectrometer and we made use of the well-known 
mercury spectral lines to determine the constants a and b in situ. 
Consequently, the graph of light intensity against time could be 
converted to represent the plasma emission spectrum. The mercury 
spectral lines used were 404.6 nm, 435.8 nm, 546.1 nrn, 576.9 nrn 
and 578.0 nrn. Typically ~ spectrum can be obtained within 40 
minutes. ' The chamber ' pressure " gas content and sputter power 
could be varied, controlled and rnoni tored by the computer. The · 
effect of these parameters ~on the spectrum were studied 
individually. The relativ~ film thickness was also determined 

















:(~) Glo'r'~ dlscho.rge 
Fig.3.6 Schematic diagram of the . setup for ' spectroscopic 
diagnosis of the 'sputter plasma. 
51 
Table 3.1 Specifications of the ' setup for spectroscopic 
diagnosis 
Component Make/model - Specifications 
1. Spectrome,ter Mckee-Pederson (USA) Slit width 
(MP 1018) 500J1ID 
2. Photomultiplier 
3. Lens & prism Edmund Scientific (USA) 
4. Digital voltmeter T~urlby (UK) 
~ (RS 170a) 
'-
- ' 
~' - . 52 
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3.4 Emission spectra. 
3.4.1 Effect of sputter power source. 
" Fig.3.? " shows the emission spectra for dc and rf sputtering 
of a conventional YBCO ,target. These two spectra are quite 
different indicating that the sputter plasma depends on the 
sputter power source. MoreY and Ba spectral lines are observed in 
dc sputtering of YBCO target. Table 3.2 lists the major spectral 
lines observed in Fig. 3.7. Although sputtered YBCO films with 
high critical temperatura and critical current density were 
successfully prepared by many research groups using either rf or 
dc power, problems of reproducibility were encountered in some 
research laboratories (11)when hsing rf sputtering in the parallel 
configuration of the substrate and target. Therefore in the 
subsequent study. of emi~sion sp~ctra of YBCO sputtering, we 
concentrate on dc sputteririg as it is simple and reproducible. 
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Table 3.2 1dentifiction of spectral lines: 
(The numbers represent existence of th~t particular spectral line 
and the descending order of the inten~ities in the spectrum.) 
Spectral lines and rf dc 
0 
. their wavelengths <1\) .-
Ba I 4132 ~ 8 
Ar I 4159 : 3 5 
Ar I 4198 1 2 
Ar I 4259 2 3 
~ 
Ar I 4300 7 12 
Ar I 4331 5 9 
0 I 4395 ~ 12 
.. 
Ba I 4432/ Y I 4431 7 
Ba I 4509 6 13 
--
Ba IT 4554 6 
Y T 4569/ Ba I 4596 7 
Y I 4613 4 
Y I 4658 7 
Y I 4732 9 
CuO 4884 5 
Ba 11 4934 10 
Cu .11 5158 9 16 
Cu II 5183 8 17 
_. 
Cu · ~ 5218 9 15 
Y I 5495/ BaO ·5493 \ 4 14 
. 54 
-. .. - - " ....... ·-_· __ r, . " • • '- , • 
" , 
Ba I 5535 1 
Y I 5556 11 14 
"" 
Y I 5606 10 14 
. PRESSURE 5rnTorr Ar:O=4.8:0 .2 . 
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3.4.2 Effect of qasratio 
The composition of sputtering gas is a deterministic factor of 
producing in si tu high Tc superconducting thin films. ' Fig. 3.8 
shows the critical oxygen partial pressure below which the 
perovski te phase of YBCO decomposes into YBa 2CU 30 5' BaC~O 2 and 
cu
2
0 (9). At this , phase boundary the oxygen content of the YBCO 
(YBa Cu 0 ) phase is about y = 6.0 . At Y = 6.5 YBCO structure 
2 3 Y 
changes from tetragonal to orthorhombi~ with Tc of 50K. At Y = 6.9 
Tc ~ 90K. It is expected ; that the perovskite structure can be 
formed in oxygen partial pressure exceeding the critical value P0 2 
= 10 -1 Pa. ' Experiments on t 'he effect of gas ratio on the emission 
spectrum were carried out with ~ure argon , pure oxygen and argon 
oxygen mixture at a : total pressure of 100 mTorr. The 
corresponding emission spectra are shown in Fig. 3.9, 3.10 and 
3.11 respectively. Thei~ ~atterns are very different showing that 
the dependency of the sputtered materials on sputtering gas. In 
,. 
g~neral increasing the oxygen content in the sputtering gas would , 
lower the intensities of all spectral 1 • .LInes. In the spectrum 
obtained with pure argon gas ( Fig. 3.9), the major signals are 
+ 2+ ' Ba and Ba peaks. Others reported that continuing sputtering in 
pure argon envirorimenteventually produced films that were , 
yttrium-rich and not superconducting at all. In Fig. 3.10, BaO, 
+ O2 ' CuO and Cu are observed in the plasma spectrum while in 
Fig.. 3 .11 , + Ba~ Y, CuO , BaO and Ba spectral ' lines are found. As 
reported by Gavaler et. al. (11), sputtered YBCO films in both pure 
oxygen , and argori-oxygen mixture had no deterious effect ori either 
Tc ~nd Jc of YBCO ·film. We also found that the major difference in 
58 
between sputtering in pure argon and argon-oxygen mixture is the 
abundant existence of Ba+and Ba 2 + in the plasma. 
Another observation "is that as the oxygen proportion 
increases, the color of the plasma changes from violet to pink. 
This indicates that argon ions were decreasing while oxygen ions 
were increasing. Since sputteringYBCO in pure argon cannot 
produce in situ high Tc superconducting film, the result in pure 




. , Temperature, (OC) .-
- ' 900 800. ·700 103. 600 500 . . 
YB·2~u3Oy· 
.. Tetragonal Orth<>-1 





~ 9 N 0 a.. 101 QJ 
~, 
::J 
u) . Y2.8aCuOs . . Vl 
~ 
~ . ~ 
a... 
(tj BaCu02' 
t .... ' . Thermal 10° 
' . 









10 .. 2. 
O~.8-· ~~~~-1~1---1~2~~---L--~ 
. · · 1 .3 1 .4- 1 .5' 
1 OOOIT (K"1] 
I 
Fig. 3.8 Plot of oxygen partial pressure vs. temperature showing 
the critical stability line for YBCO at y=6.0, the 
tetragonal-orthorhombic transition line at y=6.5 and the st~bility 
line for y=6.9. (9) Also marked on the graph are the ranges used in 
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Fig. 3.9 Emission spectrum of YBCO sputtered in pure Ar. ' 
I ' = O.35A,P = 100mTorr . 
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Fig ~ 3.10 Emission spectrum of YBCO sputtered in pure O2 
I = 0.35A, P = lOOmTorr 
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Fig. 3.11 Emission spectrum of YBCO sprittered in a gas mixture of 
Ar(6.5 ~eem) and O2 (3.5 seem). I=O.35A, P=lOOmTorr. 
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6.2 
3.4.3 Effect of gas pressure 
The effect of sputtering gas pressure is an important , 
factor for deposi tion of in si tu high Tc superconducting film. 
Since higher gas pressure implies that the sputtering region is 
crowded wi th ,'. gas atoms and ions, and scattering of sputtered 
materials in this region occurs more frequently. Resputtering 
effect is alleviated and therefore stoichiometric film can be 
grown. The emission spectra for the high and low pressure 
sputtering are . shown in fig.3.l2 and 3.13 respectively. The 
intensities of all the spectral lines are lowered when increasing 
gas pressure. This may account for the higher densi ty in the 
plasma region. One noticeable difference is that the intensity of 
CuO is stronger in high pressure sputtering than in low pressure 
sputtering. The s,cattering in the sputtering region may promote 
the formation of CuD in the crowded region. 
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Fig ~ 3.12 Emission spectrum of YBCO sputtered at chamber pressure 
of 5 mTorr. I=O~35A', V=-85V, Ar:O =6.5:3.5. 
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Fig. 3.13 Emission spectrum of YBCO sputtered at pressure = 100 
mTorr. ,Ar: O
2
=6.5: 3 . 5. 
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3.4.4 Study of presputtering effect. 
During sputtering of a newly fabricated YBCO target, the' 
sputtered materials vary before a stable condition on the target 
has reached. The period from the beginning of sputtering to the 
stable condition is called presputtering. During presputtering, 
the target potential', deposition rate and sputtered materials are 
all changing even under a condition of constant sputtering 
pressure and gas flow. The presputtering of YBCO target usually 
lasts for 20-40 hours . . So, l in the past, when the presputteringis 
neglected I the optimum condi tion for stoichiometric film 
deposition' is very difficult to determine reproducibly. In 
defining presputtering, we emphasize that the overall status of 
the target and sputtered , materials should be stable after the 
presputtering time-. In the following section, we will look into 
the presputtering effectbn the sputtered materials excited by 
high energy electrons and ions on the orthorhombic and tetragonal 
YBCO targets. 
Gavaler's group found that a non-superconductirig 
(tetragonal structure) target, particularly ' when new, would 
-, 
. ( 11 ) produce films with very depressed propertIes . In one extreme 
case, films deposi ted from a new tetragonal target had Te' s of 
only ~ 50K. Replacing this target wi th a ne,v superconducting 
(orthorhombic target) immediately p~oduced films with Te's of 90K. 
EDS and, x-ray diffraction analyses ' could not distinguish 'between 
the 50K and 90K films. They believed that these results on the 
- ' 
influe~c~ of the target on film properties provide ~n important 
insight towar~ , understanding the YBCO growth process. Hence I we 
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recorded two emission spectra one with an orthorhombic YBCO target 
and one wi th a tetragonal target. Fig. 3.14 and 3.15 show the 
spectral intensities as a function of sputtering time for these 
two targets. Fi ve spe~tral lines are chosen to be the 
representatives as their signal to noise . ratios are large. We 
observe that the intensities of the spectral lines from 
orthorhombic target are qui te stable but the Ba spectral lines 
from the tetragonal one are not stable. For the tetragonal YBCO 
target, the intensi ties· of BaI and Ball increase with sputtering 
time and start to level off after 23 hours of the presputtering. 
The long · presputtering time may explain the difficulty in 
deposition of high quality YBC6 films using a tetragonal target. 
In our laboratory, we found that in sputtering a fresh tetragonal 
YBCO target, the time required for the sputtering voltage becomes 
level off is about 120 ~iriutes(12) in consistent with Selinder et. 
al. 's result. But this time is much shorter than the presputtering 
time for the intensi ties of Ba spectral lines from the emission ' 
. spectra of the tetragonal target above. Hence the target voltage 
is not an appropriate pointer in defining the presputtering time 
in sputtering YBCO because the status of the sputtered materials 
is still changing eVen th~ target voltage levels off. 
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3.14 Variation of some characteristic spectral 
800 
line 
intensities during presputtering of a tetragon'al YBCO target in 
pure Ar. Pressure = 15 mTorr. 
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p' 
1. 19. 3.15 Variation of some characteristic spectral . line 
intensities during presputtering of an orthorhombic YBCO target in 
pure Ar. Pressure = 15 mTorr. Power is the same as Fig. 3.14. 
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3.4.5 Monitoring , the evaporation rate by the spectral line 
intensities. 
In this section, we want to investigate the possibility of 
monitoring the evaporation. rate of each element by the spectral 
line intensity. The materials we want to test are copper and YBCO 
target. We changed the deposition rate by adjusting the dc power 
and then recorded the intensities of the spectral lines. A linear 
relationship was found in sputtering a copper target. The result 
is shown in Fig. 3.16. As demonstrated with a copper target, the 
sputtering rate can be monitored by the spectral line intensities. 
However lit is not the case in sputtering YBCO. The relation 
between the spectral line intensi ty and deposi tion rate is shown 
in Fig. 3.17. The discrep-ancy in the deposi tion rate experiment 
is likely due to ~ the fact that -the sensi ti vi ty of the quartz 
thickness sensor is affected by change of the deposi ted film 
properties or due to resputtering effect. It is of interest to 
note that I as demonstrated wi th many materials, the sputtering ' 
rate is linearly proportio~al to the gun power or current if the 
gun characteristics remain unchanged. We therefore made a plot in 
Fig. 3.18 for the relation between ( the gun current and the 
spectral intensity. ' The linear relationship between the current 
and the line intensi ty may reflect that the spectral intensi ty 
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Fig. 3.16 Intensity vs deposition rate (using a eu target) for 3 
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Fig~. 3.18 BaI ("-=5535 ) Intensity vs current (using . a YBCO target). 
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- Chapter 4 
Conclusion and Discussions 
We have set up a computer-controlled magnetron sputtering 
.. 
system for deposition of high Tc thin films. We first studied the 
emission spectra of the sputtered materials from YBCO targets. 
Based on the results, we found that the emission spectra, which 
gi ve us in principle the information on the composi tion of the 
materials in the sputter plasma, is very sensitive to almost all 
sputtering parameters, in agreement to the fact . that the 
parameters for the preparation of YBCO films by sputtering are 
very difficult to optimize at the first place. Because of the 
large degree of freedom in the sputtering conditions, a ~ystematic 
analysis on the observations ii hard to make at this moment. 
He also stu,died the presputtering effect by means of the 
- emission spectroscopy. · It was found that the tetragonal target 
sputtered in pure Ar has a short presputtering time but the use of 
target vol ta-ge as a moni tor of presputtering effect IS not 
reliable. The - presputtering effect~ is associated with the release 
of oxygen from the target. However, if sputtered in Ar/0
2 
gas, the 
tetragonal target has a long presputtering time. Reproducibility 
~ -
of film stoichiometry is hard to achieve if. this presputtering 
effect is ignored. That explains why orthorhombic YBCO targets are 
chosen by many researchers. ~ve also studied the possibility of 
using emission spectral line intensi ties as- a sputtering rate 
monitor. It is found -that it is possible for simple targets like 
copper but complications appear for the YBCO target ·. More work has 
tO ,'be done to clarify ,this possibility. 
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Some YBeO films were prepared with this setup and the 




- The motor control system consists of three modules: 1). 
motor drive board, 2). digital I/O card and 3). motor interface 
card. Their - schematics are shown in Fig. A.l and specification 
given in Table A.I. 
The motor interface card is used to couple the PC/XT (with 
5V TTL logic) to the motor driver hoard (with 12V CMOS logic). 
The motor drive board reads the signals from the digi tal I/O 
card and then switches on and off the four power transistors on 
the board which dri ve the motor, in the specified · dire,ction in 
half step or full step mode. 
In the digital I/O card, the counter I and counter 2 of 
the 8253 programmable timer is set to ' mode 3 (i. e. square wave 
. generator and the countei 0 is set to mode 0 (i.e. programmable 
one shotl. The output of counter 2 is fed to the clock input of 
t'he motor control card in which one clock pulse will' move the step 
motor by one step (or half step in half step mode). The "out , 2" 
can be disabled by the "out 0" of the counter O. Therefore, the 
v 
number of clock pulses sent, to the motor drive board is determined' 
by the register value in counter 0 which can · be updated by the -
user through our control program on PC/XT. The 8255 is set to mode 
o such that simple programmable I/O 'can be achieved. The "PAO" of 
the I/O card IS connected to the direction l?in of the motor 
cOI!trol via the opto-coupler on the motor interface card. This 
signal- controls the direction of rotation. Similarly "PBO" and 
j, 
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"PBl" are connected to the step and preset pins of the motor 
driver board for selection of full/half step mode and preset state 
on power up respecti vely. By setting appropriate values to the 
control registers of the tImer and I/O chips, we can control the 
rotation of the motor easily. This is done using our control 
program. 
, -

























~Fig. A.l(a) Block diagram of step motor drive board 
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Thin film deposition 
Experimental 
There . are reports on pulsed laser deposi tion of YBCO 
. (13) (14) films uSIng NO or N20 gas . These gases decompose at high 2 . 
temperatures and the released atomic oxygen can facilitate the 
growth of YBCO films. Apparently, nitrogen does not affect the 
growth. In order to look for any effect of nitrogen on the growth, 
we intentionally mixed some ' nitrogen gas with the sputtering gas 
(i.e. Ar and O2 ). 
A number of YBCO films has been deposi ted on (100) MgO 
single crystal substrates using 'the computer-controlled magnetron 
sputtering system described in Chapter 2. A presputtered 
tetragonal YBCO target was used for the deposition based on the 
observations in Chapter 3. The oxygen flow rate was fixed at 3.5 
sccm and the ratio of nitrogen and argon flow rates was varied. 
qther deposition parameters were fixed. Total chamber pressure was 
o ., • kept at 100 mTorr and substrate temperature at 660 C. 90 off-axIs 
configuration was used to avoid the resp~ttering effect. After 
deposition, the as-deposited film was slowly cooled to 500°C and 
is kept at this temperature for 30 minutes. The ~hamber w~s then 
backfilled with pure oxygen to I atm and the deposited films were 
then cooled ' to room temperature. ·The film , structure was studied 
wit~ a . four-circle diffractometer equipped with a Eulerian cradle 
and a flat 'graphi te monochromator.'· CuK X-rays were used. Tc 
0: 
measurements ' were done with a 10K closed-cycle refrigerator. 
St~ndard 4-probemethod was used / to measure the film resistance. 
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To reduce cont~ct resistance, silver pads were deposi ted on the 
films . and thin copper wires were attached to these Ag pads using 
Ag ·paste. 
Results 
The deposited films were grown in (001) orientation. A 
typical diffractogram of the films is shown in Fig.B.l. In Fig. 
B.2.we plot the intensities of (OOn) diffraction peaks for 
different nitrogen concentration in the sputtering gas. To 
facilitate comparison, we normalized the data by (006) intensity. 
We found that the diffraction intensi ty ratios are roughly the 
same except for the high N2 concentration samples. A typical plot 
-
of the resistance against temperature is shown in Fig. B.3. In 
Table B.l, we list the Tc data of the film samples. Apparently, 
the superconducting properties of YBCO films are affected by the 
presence of nitrogen in the sputter gas during growth. The s'amples 
920124 and 920130 were grown 'under the same condi tions and they 
have very similar Tc data indicating that our experiments are 
quite consistent. One should be careful in analyzing the results 
because these samples have been left alone in the laboratory for 
about half a ye~r before Tc data were taken. The films grown in 
different conditions may have different stability in air. We 
cannot study the nitrogen content in these films because we do not 
have suitable equipment for this purpose. 
- ' 
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Fig ~ B.2 Inte~sities of (OOn) diffraction peaks in the presence of 
nitrogen in the sputtering gas. 
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f~esistallce MeaSLlrement (4 point method) 
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Fig. B.3 A typical plot of the resistance v~ temperature for the 












Table ' B.l Te data of the film samples 
with ~ oxygen proportion = 3.5 
N2 Ar N2 / N2+Ar Tco(K) 
(seem) (seem) 
0.00 6.50 0.00 77.6 
1.00 5.50 0.15 53.0 
2.00 4.50 0.31 53.8 
3.25 3.25 0.50 71.2 
6.50 0.00 " " 1.00 -
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